Agro-industrial by-products are a great option for ruminant feeding. Alternative feedstuffs in ruminant diets are important to increase diets and reduce production costs. The present study evaluated different levels of palm (Elaeis guineensis Jacq.) kernel cake inclusion in diets for feedlot-finished cull cows and their implications on the intake and digestibility of dry matter (DM) and nutrients, as well as animal performance. The experiment was carried out in Ribeirão do Largo, Bahía, Brazil. Thirty-six Holstein × Zebu crossbred cows were assigned to four treatments at the rate of nine cows per treatment. The animals were fed sugarcane bagasse (roughage 15%) and concentrate (85%). The treatments were no addition of palm kernel cake, 8%, 16%, or 24% palm kernel cake inclusion in the total DM diet. Palm kernel cake inclusion influenced DM and nutrient intakes, which responded quadratically. The digestibility of DM, crude protein, and neutral detergent fiber corrected for ash and protein showed a quadratic response and maximum digestibility at 1.67%, 5.24%, and 3.68% cake inclusion levels, respectively; values decreased thereafter. The total digestible nutrients decreased linearly based on cake inclusion levels. Treatments affected final body weight, mean daily gain, and feed conversion, which showed a quadratic response to increasing levels of the by-product in the diet and maximum values were at 11.98%, 13.07%, and 16.32% inclusion, respectively. Palm kernel cake is a viable alternative ingredient for animal biological efficiency. The 16% inclusion level in the total DM diet was the most appropriate for the finishing of cull cows in the feedlot.
INTRODUCTION
In view of the continuous demand for meat products, the beef cattle industry must efficiently produce animals to meet consumer market needs. The use of cull cows for meat production is an interesting strategy for the producer because these are adult animals that take less time to be finished and can thus fulfill market demands during the off-season periods.
However, the rationale of producing a sufficient quantity and quality of meat is difficult to achieve in tropical environments; this is mainly due to the seasonality of forage production because most of the meat produced in such systems originates from animals whose dietary base is pasture. Given the obvious difficulty of producing high-quality animals and supplying meat continuously throughout the year, nutritional and technological alternatives that are compatible with new market demands must be adopted. For example, animals can be produced in more intensive systems and nutritionally effective and lower cost alternative feedstuffs can be used (Chanjula et al., 2010; .
Agro-industrial by-products are a great option for use in ruminant feeding because of their nutritional potential when added to the animal diet. Palm (Elaeis guineensis Jacq.) kernel cake is one such by-product that has been included in the diet of ruminants. This by-product is characterized for its great nutritive potential in animal feeding systems because it contains considerable levels of oil, fiber, and protein. However, despite its year-long availability, the efficient use of palm kernel cake in animal feeding is considerably limited due to the poor knowledge of its nutritional properties, performance of animals fed with this waste, and its economic value as a diet ingredient. Rahman et al. (2013) observed an increase in crude protein intake by ruminants when palm kernel cake was included in the concentrate. In some studies evaluating the use of palm kernel cake in cattle diets, there were no effects of the byproduct on the DM and nutrient digestibility coefficients (Correia et al., 2011; Ferreira et al., 2012) .
The hypothesis of this study was that moderate palm kernel cake inclusion levels (up to 24%) in the diet could improve the performance of feedlot cull cows. Therefore, the objective of the present study was to investigate the effects of different levels of palm kernel cake inclusion in diets for feedlot-finished cull cows on DM and nutrient intake and digestibility, as well as animal performance.
MATERIALS AND METHODS
This research was conducted in full compliance with the Brazilian legislation on the use of animals adopted by the National Council for Animal Experimentation (CONCEA). It was previously approved by the Ethics Committee on Animal Use of the State University of Southwest Bahia under protocol 82/2015 approved on 15 April 2015.
The field trial was conducted on the Princesa do Mateiro farm located in the municipality of Ribeirão do Largo, southeast region of Bahia State, Brazil. Thirty-six Holstein × Zebu crossbred cows with a mean age of 83 mo (cows discarded for health problems) and mean live weight of 384.88 ± 59.18 kg were included in the experiment. At the start of the experimental period, animals were identified by numbered plastic earrings, weighed, and then randomly assigned to four treatments in a completely randomized design (CRD) with nine replicates. The animals were distributed among the treatments so that all treatments had the same heterogeneity (body weight and age).
Cows were fed as a group and housed in collective stalls (9 animals per stall) with a usable area of 100 m 2 (50 m partially covered and 50 m uncovered) equipped with covered feed troughs (10 linear meters) and concrete drinkers with a 250 L water capacity. The animals had 20 d to adjust to diets, stalls, and management, and this period was followed by 70 d of data collection for a total of 90 experimental days.
Cows were fed fresh sugarcane bagasse and concentrate (15:85 roughage:concentrate ratio). The following treatments were tested: 0% (control; no palm kernel cake inclusion), 8%, 16%, or 24% palm kernel cake inclusion in the dry matter (DM) diet. The ingredients were balanced in the diets to supply the energy and protein requirements for the stipulated body weight gain (1.0 kg animal -1 d -1 ). The percentage composition of the dietary ingredients is shown in Table 1 . The chemical composition of the feedstuffs used in the experimental diets is described in Table 2 .
The diets were formulated according to the NRC (2000) to meet the nutritional requirements for a daily gain of 1.0 kg. Animals received the feed ad libitum, which was divided into two daily meals (07:00 and 15:00 h) to allow for 10% as orts. The chemical composition of the experimental diets is given in Samples of feed, orts, and feces were analyzed for the concentrations of DM, ashes, crude protein (CP), ether extract (EE), neutral detergent fiber corrected for ash and protein (NDFap), acid detergent fiber (ADF), and lignin according to the techniques described by the AOAC (1995). Non-fibrous carbohydrates corrected for ash and protein (NFCap) were calculated by the following formula described by Detmann and Valadares Filho (2010) The sample diet (supplied and orts) and feces were later incubated for 288 h inside non-woven fabric ('TNT') minibags (5 × 5 cm) according to the method described by Detmann et al. (2012) . Indigestible neutral fiber (iNDF) was used to estimate the daily DM intake of each animal. The remaining material from incubation was washed in running water until it was transparent again and then extracted in a neutral detergent solution; the residue was considered as iNDF. For this step, the following equation was used: %iNDF = [(W3 -(W1 × C1)) × 100]/W2 where W1 is bag tare weight, W2 is sample weight, W3 is weight after the extraction process, and C1 is the correction of the blank bag (final bag weight after drying/original bag weight). The following formula was used to determine the total individual DM intake (TDMI): TDMI = (FP × iNDFFeces)/iNDFDiet where FP is daily fecal production (kg d -1 ), iNDFFeces is the indigestible neutral detergent fiber from the feces (kg), and iNDFDiet is the indigestible neutral detergent fiber from the diet (kg). To estimate fecal production, chromium oxide (Cr2O3) was used as an external marker that was supplied daily at 07:00 h in a single dose of 10 g per animal. The marker was placed inside paper cartridges and administered orally for 11 d; the first 7 d were for the animals to adjust to the management and to regulate chromium excretion in the feces, followed by 5 d for collection (Vagnoni et al., 1997) . Subsequently, excretion was calculated as proposed by Smith and Reid (1955) using the formula: FP = CS/CF where FP is the daily fecal production (g d -1 ), CS is the supplied chromium oxide (g d -1 ), and CF is the chromium oxide concentration in the feces (g g -1 DM).
Apparent nutrient digestibility (D) was determined by the formula described by Coelho da Silva and Leão (1979): D = [(kg nutrient intake -kg nutrient excretion)/kg nutrient intake] -100 Cows were weighed at the start of the experimental period, 20 d later (diet adjustment period), and at the end of each 14-d period to monitor their weight gain. To evaluate animal performance during the experimental period, animals were deprived of solid feed and liquids for 12 h before the first and last weighing events. Mean daily gain (MDG) was determined as the difference between final body weight (FBW) and initial body weight (IBW) divided by the experimental period (70 d). Feed conversion (FC) was calculated as a function animal DM intake (kg d -1 ) and weight gain according to the following equation: FC = (DMI/MDG) where DMI is total daily DM intake (kg) and MDG is mean daily gain (kg).
The experimental design was completely randomized with four treatments and nine replicates and the analysis of variance and regression depended on the levels of palm kernel cake added to the animal diet. Results were interpreted statistically by regression analysis with the System for Statistical and Genetic Analysis (SAEG, 2000) .
RESULTS AND DISCUSSION
Total DM intake, expressed both in kg d -1 and as a percentage of body weight (%BW), had a quadratic response to the treatments and maximum values were observed at the palm kernel cake inclusion levels of 8.10 kg d -1 and 5.82%, respectively. Beyond those levels, total DM intake declined (Table 4 ).
The reduction in DM intake (Table 4 ) may be a result of higher NDFap and lignin contents in the diets that received palm kernel cake (Table 3 ). The carbohydrates that constitute the plant cell wall are poorly degraded in the rumen and have a low rate of passage through the reticulorumen. Accordingly, diets with high concentrations of these ingredients promote decreased total DM intake due to the physical limitation caused by reticulorumen fill (Van Soest, 1994) . Cunha et al. (2013) evaluated nutrient intake and digestibility for cows fed palm kernel cake (0%, 11.34%, 22.78%, and 34.17% cake inclusion based on total diet DM). The authors indicated a linear decrease in total DM intake with palm kernel cake inclusion, which was correlated to a higher lignin/NDF ratio in diets with a higher level of inclusion of this by-product. On the other hand, Nunes et al. (2011) did not observe the effect of palm kernel cake inclusion on DM intake for lambs. The lower DM intake exhibited by the animals of the control treatment (without palm kernel cake) is explained by ruminal acidosis and subsequent visible appearance of laminitis. The emergence of these disorders in animals that were not fed palm kernel cake in their diet may be due to the higher consumption of readily fermentable carbohydrates and lower NDFcp content of this diet.
The CP, EE, NDFap, NFCap, and TDN intake also responded quadratically to the treatments. The highest intake values of the respective components were obtained at the palm kernel cake inclusion levels of 7.70%, 16.37%, 11.95%, 2.14%, and 6.71%; intake decreased thereafter.
Maximum CP intake occurred at the palm kernel cake inclusion level of 7.70% in the diets (Table 4) ; CP intake declined beyond that level. This was a consequence of the highest total DM intake (expressed in kg d -1 and %BW) occurring near that point. Protein is a very important nutrient for animals to obtain satisfactory weight gain and a limited intake can therefore compromise animal performance. Bringel et al. (2011) reported similar results when evaluating palm kernel cake in ruminant diets. However, Rahman et al. (2013) , in a study with ruminants, observed an increase in the CP intake with palm kernel cake inclusion in the concentrate.
The maximum EE intake at the 16.37% level (Table 4) represented 3.33% of the total DM from the ingested diet (Table  3) , which is considered below the maximum limit of 5% to 6% deemed detrimental to ruminants. Thus, the decrease in DM intake cannot be correlated to EE intake by cows. Maciel et al. (2012) detected a linear decrease in DM intake of heifers fed palm kernel cake (0%, 11.90%, 22.90%, and 34.20% based on total dietary DM) when this by-product was included in the diet and which could be attributed to high EE levels of the cake.
The intake of NDFap (kg d -1 ) declined after the 11.95% level of palm kernel cake inclusion (Table 4 ) despite its increasing concentration in the diets (Table 3 ). According to Alimon (2004) , it is estimated that 60% of palm kernel cake consists of cell wall components; this was demonstrated in the present study by their increase in the diets in which the by-product was included (Table 3) . However, NDFap intake is limited by its characteristic of favoring rumen fill, which prevented higher intakes of fiber at that level.
Diets showed reduced NFCap content because of the fibrous nature of palm kernel cake (67.64% NDFap) and its low NFCap concentration (3.36%) (Table 3) ; this results in lower intake of these nutrients (Table 4 ) at the higher inclusion levels of the by-product. Non-fibrous carbohydrates are highly degradable components and important sources of energy for ruminants. Thus, a lower intake stemming from increased inclusion of the ingredient in the diets leads to decreased energy uptake for the animals, whose performance ultimately decreases.
After the 6.71% inclusion level, TDN intake decreased (Table 4 ) as a consequence of the reduction occurring in the dietary TDN content as the by-product inclusion levels increased. Total DM intake also declined after the 8.10 kg d -1 and 5.82% BW inclusion levels, thereby reducing TDN intake (Table 4 ). The TDN content in a diet indicates its nutritional value because it is correlated with the amount of digested nutrients; these nutrients are available for the animal metabolism. Nevertheless, animal performance is more deeply affected by variations in DM intake than by nutrient digestibility (Mertens, 1994) .
No effects were observed on NDFap intake expressed as a percentage of body weight across the tested diets, with a mean of 0.89% BW. The digestibility coefficients of DM, CP, and NDFap had a quadratic response to the treatments and maximum digestibility was attained at the respective palm kernel cake inclusion levels of 1.67%, 5.24%, and 3.68%; values decreased beyond these levels (Table 5) .
Results for DM digestibility (Table 5 ) showed the greater presence of less digestible components in the diets containing higher palm kernel cake levels (Table 3) . Such components are represented by neutral detergent fiber and lignin, which both contribute to reducing the degradability of the supplied fiber. Non-structural carbohydrates, considered as highdegradability components, were also found to decrease as palm kernel cake was included in the diets. Although the control diet had a higher fiber and lignin content, its digestibility was lower compared to the 8% palm kernel cake treatment. This is probably due to the high fermentation of the non-fibrous carbohydrates, which made the rumen environment acidic, and impaired the efficient degradation of diet constituents. Correia et al. (2011) and Ferreira et al. (2012) , in a study evaluating the use of palm kernel cake in cattle diets, reported no effects of the by-product on the DM and nutrient digestibility coefficients.
The reduction of CP digestibility after the 5.24% palm kernel cake inclusion (Table 5 ) is related to the unavailable protein content in the by-product because palm cake has a large part of this nutrient complexed to the cell wall in its unavailable form, which reduces its access by rumen microorganisms. According to Maciel et al. (2012) , the best use of CP shows a negative correlation with the nitrogenous fibrous matter content of the food, which contributes to decreased protein digestibility in diets containing palm kernel cake.
The reduced NDFap digestibility coefficient (Table 5) , is explained by the considerable amounts of lignin present in the cake (19.83%). Lignin binds to cell wall carbohydrates and has a negative effect on the digestibility of the fibrous fraction because it is an indigestible phenolic compound. The lignin content increased (Table 3) with palm kernel cake inclusion in the diet, which suggests lower NDFap digestibility at higher inclusion levels. Similar results were found by Rahman et al. (2013) when evaluating NDFcp digestibility in diets for ruminants fed with increasing levels of palm kernel cake.
According to Santos et al. (2017) , NDF from tropical feedstuffs is characterized by highly heterogeneous degradation, which is responsible for significant changes in the rumen-reticulum; it first influences potentially digestible NDF, which provides energy to animals by breaking down fiber carbohydrates, and secondly affects the indigestible portion of NDF that is unable to be utilized by rumen microorganisms.
There was no effect of palm kernel cake inclusion in the diets on the EE digestibility coefficient, which had a mean of 79.89%. The NFCap digestibility coefficient was influenced by the diet and exhibited a quadratic effect with a minimum value at the 9.67% level. Beyond that level, this variable started to increase. The increase in the NFCap digestibility coefficient (Table 5 ) beyond the 9.67% level is explained by the reduction of total DM intake (kg d -1 ) that occurred after the 8.10% level, which led to improved feed utilization by the rumen microorganisms. According to Bringel et al. (2011) , there is a compensatory effect on animals in which lower DM intake improves food utilization by the ruminal microbiota, providing better nutrient digestibility, as it occurred for the NFCap digestibility coefficient.
Total digestible nutrients decreased linearly with increasing levels of palm kernel cake added to the diet. Every 1% of added cake led to a 0.1934% decrease in TDN (Table 5 ). This is a consequence of inserting slow-digestion components into the diet with the inclusion of the by-product, such as the high levels of NDFap and lignin. In addition, the large portion of protein that is unavailable for digestion reduces its utilization and ultimately the total digestible nutrient content.
Treatments affected final body weight, mean daily gain, and feed conversion (Table 6) , which showed a quadratic response to the increasing levels of the by-product in the diet and maximum values were observed at 11.98%, 13.07%, and 16.32% inclusion, respectively. The higher final body weight and mean daily gain shown by the animals at the respective 11.98% and 13.07% inclusion levels are associated with DM intake and better utilization of the nutrients available to them. After its maximum point at 13.07% palm kernel cake inclusion in the diets, mean daily gain started to decrease, which can be explained by the nutritional characteristics of the cake, such as high concentrations of lignified fiber, low levels of easily fermentable carbohydrates, low digestibility of the fibrous fraction and protein, and total digestible nutrient content. Santos et al. (2016) indicated a linear decrease for the final weight gain and mean daily gain of lambs fed with increasing levels of palm kernel cake. These results were explained by the decrease in total DM intake and total nutrient digestibility of the diets containing the cake compared with the control treatment. On the other hand, Macome et al. (2011) did not mention any differences in weight gain for lambs fed with palm pie, which can be due to the non-differentiation for the total digestible nutrient intake among the diets; this implies the same energy intake, a highly important fraction to increase animal weight gain. The lowest feed conversion at the 16.32% palm kernel cake inclusion level in the diets (Table 6) is directly linked to the transformation of the consumed feedstuff into weight gain. This indicates that the dietary nutrients were best utilized at the 16.32% inclusion level, which had a positive effect on final body weight and mean daily gain. At the 16.32% palm kernel cake inclusion level in the diet, the maximum feed conversion rate was observed (approximately 6.6 kg feed kg -1 gain); these results were similar to those observed for finishing young animals (Cruz et al., 2014; Callegaro et al., 2015; Cullmann et al., 2017; D'Áurea et al., 2017 
